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Statement of Research Interests 

 

My past and present research experience has mostly focused on the fields of tropical 

meteorology, satellite meteorology, and cloud physics.  A major theme through my research has 

been analysis of the trimodal distribution of tropical convection (Johnson et al. 1999):  shallow 

clouds with cloud-top heights near 2 km above the surface, mid-level congestus clouds with tops 

near the 0°C level, and deep convective clouds capped by the tropopause.  For my Masters 

research, I showed that this trimodal distribution was visible in cloud data from the Geoscience 

Laser Altimeter System (GLAS), carried aboard the Ice, Cloud, and land Elevation Satellite 

(ICESat), as well as in precipitation data from the Tropical Rainfall Measuring Mission 

(TRMM) Precipitation Radar (PR).  Using these, I calculate the fractional areal coverage (FAC) 

at each of the three levels to describe how often optically thick clouds or precipitation are seen 

at each level.   
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From here, my research turned to identifying the capping mechanism for cumulus congestus 

clouds.  It had been postulated (Redelsperger et al. 2002, Jensen and Del Genio 2006, Zuidema 

et al. 2006) that low values of relative humidity in the midtroposphere prevented these clouds 

from continuing to rise to the tropopause due to mixing of moist and dry air at the top of the 

cloud.  To understand these midtroposphere dry layers, I analyzed five years of relative 

humidity (RH) observations from the Atmospheric Infrared Sounder (AIRS) instrument aboard 

the Aqua satellite to identify areas of anomalously dry air between 600 and 400 hPa over deep 

convective regions of the tropical oceans.  

 

Currently I’m working on two studies to round out this dry layer/congestus analysis.  First, I’m 

looking at how to reconcile the need to study true congestus with the “snapshot” nature of 

satellite meteorology.  Cloud-top heights are measured as CloudSat/CALIPSO pass over the 

location; these clouds may be in the process of growing to much higher heights when this 

“snapshot” is taken.  Luo et al. [2009] noted the need to separate out terminal congestus, or 

congestus that ceases growth at intermediate levels, from transient congestus, congestus that 

continues to rise to higher altitudes.  However, the method described in Luo et al. [2009] has not 

been properly validated.  I am working on verifying the terminal/transient separation suggested 

by this study using overpasses over the Kwajalein Atoll ground radar.  These are also being 

compared with the 4-km-resolution global infrared geostationary composite data, to test the 

effectiveness of using geostationary satellites to track lifecycle. 

 

Secondly, I return to the question of the relation between midtropospheric relative humidity and 

cumulus congestus clouds.  Cloud data from the CPR and mixing ratio data from AIRS have 

been collocated by the AIRS science team for January 2007.  Because CloudSat passes over an 

area already sampled by Aqua one minute prior, this provides near-simultaneous measurements 

to compare.  The greater footprint of the AIRS instrument samples the environment around a 

CloudSat pixel, giving a localized humidity profile for the region.  My current work has noticed 

a five-fold increase in relative congestus cloud populations in the North Pacific Intertropical 

Convergence Zone (ITCZ) region compared to the other oceanic basins.  Associated with these 

higher congestus counts are lower water vapor amounts (on the order of 25-30%) in the 

midtroposphere surrounding congestus clouds in the north Pacific than in the west Pacific.  This 

lends credence to the idea that dry air layers in the midtroposphere may lead to more congestus 

clouds in the North Pacific, a region where Casey et al. [2009] noted large occurrences of these 

dry air layers. 
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